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ABSTRACT
We report observations of the recently discovered, nearby late-M dwarf WISE J072003.20−084651.2.
New astrometric measurements obtained with the TRAPPIST telescope improve the distance mea-
surement to 6.0±1.0 pc and confirm the low tangential velocity (3.5±0.6 km s−1) reported by Scholz.
Low-resolution optical spectroscopy indicates a spectral type of M9.5 and prominent Hα emission
(〈log10 LHα/Lbol〉 = −4.68±0.06), but no evidence of subsolar metallicity or Li I absorption. Near-
infrared spectroscopy reveals subtle peculiarities that can be explained by the presence of a T5 binary
companion, and high-resolution laser guide star adaptive optics imaging reveals a faint (∆H = 4.1)
candidate source 0.′′14 (0.8 AU) from the primary. With high-resolution optical and near-infrared spec-
troscopy, we measure a stable radial velocity of +83.8±0.3 km s−1, indicative of old disk kinematics
and consistent with the angular separation of the possible companion. We measure a projected rota-
tional velocity of v sin i = 8.0±0.5 km s−1 and find evidence of low-level variabilty (∼1.5%) in a 13-day
TRAPPIST lightcurve, but cannot robustly constrain the rotational period. We also observe episodic
changes in brightness (1-2%) and occasional flare bursts (4–8%) with a 0.8% duty cycle, and order-
of-magnitude variations in Hα line strength. Combined, these observations reveal WISE J0720−0846
to be an old, very low-mass binary whose components straddle the hydrogen burning minimum mass,
and whose primary is a relatively rapid rotator and magnetically active. It is one of only two known
binaries among late M dwarfs within 10 pc of the Sun, both of which harbor a mid T-type brown
dwarf companion. We show that while this specific configuration is rare (1.4% probability), roughly
25% of binary companions to late-type M dwarfs in the local population are likely low-temperature T
or Y brown dwarfs.
Subject headings: binaries: visual — stars: individual (WISE J072003.20−084651.2) — stars: low
mass, brown dwarfs —
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Stars and brown dwarfs in the immediate Solar Neigh-
borhood (d < 10 pc; Reid et al. 1995, 2008; Henry et al.
2006; Cruz et al. 2007) are ideal targets for detailed in-
vestigations of the structural, atmospheric and popula-
tive properties of these objects. This is particularly true
for the very lowest-mass (VLM) and lowest-luminosity
dwarfs—the late-M, L, T and Y dwarfs—whose recent
discovery has been facilitated by wide-area red and in-
frared imaging surveys (e.g., 2MASS, DENIS, SDSS,
UKIDSS, WISE) and multi-epoch red and infrared as-
trometry (e.g., LSPM, SuperCOSMOS, AllWISE). Yet,
despite their apparent brightness and high proper mo-
tion, up to ∼20% of our nearest (<20 pc) VLM neigh-
bors remain “missing”, particularly toward the Galac-
tic plane (Reid et al. 2004; Le´pine 2005; Henry et al.
2006), as exemplified by the very recent discovery of the
third (Luhman 16AB; Luhman 2013) and fourth (WISE
J085510.83-071442.5; Kirkpatrick et al. 2014; Luhman
2014) closest systems to the Sun, comprised of L, T and
Y dwarfs. Several very low-temperature T and Y dwarfs
(Lucas et al. 2010; Artigau et al. 2010; Scholz et al. 2011;
Cushing et al. 2011; Kirkpatrick et al. 2011; Bihain et al.
2013) and even M dwarfs (e.g., Teegarden et al. 2003;
Hambly et al. 2004; Deacon et al. 2005a; Scholz et al.
2005; Henry et al. 2006; Scholz 2014) have also been un-
covered within 5 pc of the Sun in the past decade.
One of the most recent nearby discover-
ies is WISE J072003.20−084651.2 (hereafter
WISE J0720−0846), a candidate M/L dwarf iden-
tified by Scholz (2014) in the WISE survey. With a
2parallax distance measurement of only 7.0±1.9 pc, this
source had been “hiding” in the Galactic plane, its
modest proper motion (123±2 mas yr−1) preventing
it from being picked up in earlier astrometric surveys.
Scholz (2014) estimated a photometric classificaiton
of M9±1, which was confirmed in near-infrared spec-
troscopy reported by Kirkpatrick et al. (2014). Given
its proximity to the Sun, WISE J0720−0846 is an
important new system for investigating the M dwarf/L
dwarf and star/brown dwarf transitions at high spatial,
spectral and temporal resolution.
In this article, we report new observations that con-
firm WISE J0720−0846 to be a nearby (6 pc), late-M
dwarf, and show it to have old disk kinematics, mag-
netic activity (including flares), and rapid rotation. We
further identify it as a spectral binary system with a
T-type brown dwarf companion, possibly resolved at a
separation of ∼0.8 AU and estimated orbital period of
2–4 yr. In Section 2 we describe our observations of the
system, including low- and high-resolution optical and
near-infrared spectroscopy, high-resolution imaging, and
red optical monitoring. In Section 3 we analyze these
data, determining the optical and near-infrared classifi-
cations, improved astrometry, spatial kinematics, rota-
tion, magnetic emission and limits on the photometric
variability of this source. In Section 4 we identify the
binary nature of WISE J0720−0846, both as a spectral
binary and a potentially resolved system, and character-
ize its orbital properties from imaging and multi-epoch
radial velocity measurements. In Section 5 we review the
physical properties of this source, and examine it in the
context of multiplicity among late M dwarfs in the im-
mediate vicinity of the Sun. Results are summarized in
Section 6.
2. OBSERVATIONS
2.1. Low-Resolution Red Optical Spectroscopy
WISE J0720−0846 was observed on 2013 December 30
(UT) with the Ritchey-Chretien Spectrograph (RC Spec)
on the Kitt Peak National Observatory’s 4m Mayall tele-
scope. RC Spec was equipped with the T2KA CCD, and
we used the BL420 grating blazed at 7800 A˚ (first order)
and GG-475 order blocking filter with the 1.′′5 × 98′′ slit
aligned North to South, yielding spectral data spanning
6300–9000 A˚ at a resolving power of ∼3 A˚. The source
was observed near transit at an airmass of 1.32 in a single
integration of 1000 s. We also observed the spectrophoto-
metric standard HR 3454 (Hamuy et al. 1992) at an air-
mass of 1.15 for flux calibration, as well as flat field and
HeNeAr arc lamps. Data were reduced using custom In-
teractive Data Langauge (IDL) routines which corrected
images for bad pixels and cosmic rays, performed bias-
subtraction, and flat-fielding. After sky background sub-
traction and spectral extraction (summing along the spa-
tial axis), we calibrated the wavelength scale to air wave-
lengths using the arclamp spectrum, and corrected for
throughput losses using the standard star observation.
No correction for telluric absorption was attempted. The
reduced spectrum is shown in Figure 1 and discussed fur-
ther in Section 3.
2.2. Low-Resolution Near-infrared Spectroscopy
A low-resolution near-infrared spectrum of
WISE J0720−0846 was obtained on 2013 Decem-
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Fig. 1.— Red optical RCSpec spectrum of WISE J0720−0846
(black line) scaled to apparent flux units using RJ = 16.80 from Su-
perCOSMOS (Hambly et al. 2001c,b,a). The spectrum is compared
to an M9.5 spectral template created by merging M9 and L0 SDSS
templates from Bochanski et al. (2007, red line) that is scaled to
match WISE J0720−0846 in the 7400–7500 A˚ region. Both spectra
are smoothed to a common resolution of λ/∆λ = 1200. Primary
atomic and molecular absorption features are labeled, as well as un-
corrected telluric (⊕) bands in the WISE J0720−0846 spectrum.
The inset box shows a close-up of the 6520–6730 A˚ region, reveal-
ing the presence of Hα emission and absence of Li I absorption.
ber 5 (UT) using the SpeX spectrograph mounted
on the 3m NASA Infrared Telescope Facility (IRTF;
Rayner et al. 2003). Conditions were clear with 1′′
seeing at J-band. We used the SpeX prism mode with
the 0.′′5 slit aligned with the parallactic angle, yielding
0.8–2.45 µm spectra with an average resolution λ/∆λ
≈ 120. Six exposures of 30 s each were obtained at
an airmass of 1.14, followed by observations of the
A0 V star HD 56525 (V = 7.19) at an airmass of 1.20.
HeNeAr arc lamps and quartz lamp exposures were also
obtained for dispersion and pixel response calibration.
Data were reduced using the SpeXtool package version
3.4 (Cushing et al. 2004; Vacca et al. 2003) following
standard procedures for point-source extraction. These
data are similar to those reported by Kirkpatrick et al.
(2014). The reduced spectrum is shown in Figure 2 and
discussed further in Section 4.
2.3. High Resolution Optical Spectroscopy
WISE J0720−0846 was observed with the Hamilton
echelle spectrograph (Vogt 1987) on the Lick Observa-
tory Shane 3 m telescope over 7 nights between 21 De-
cember 2013 and 26 February 2014 (UT; Table 1). Con-
ditions varied from clear to overcast, with seeing between
0.′′8-1.′′5. We used the 640 µm slit, 31.5 lines mm−1 grat-
ing, and UBK (crown glass) cross-dispersing prisms to
obtain 3500–10000 A˚ spectroscopy over 107 orders, at a
resolution of λ/∆λ = 62,000 as measured from the full-
width at half-maximum (FWHM) of single arclines in
lamp spectra. Multiple integrations of 40 min were ob-
tained while the source was above an airmass of 2.0. On
each night, halogen lamp flat field frames were obtained
for pixel response calibration, and TiAr arclamp spectra
were obtained for wavelength calibration. The M4 radial
velocity standard GJ 251 (Nidever et al. 2002) was ob-
served each night following WISE J0720−0846 for radial
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Fig. 2.— Top: Normalized SpeX prism spectrum of
WISE J0720−0846 (black line) compared to the best-fit single
source fit from the SpeX Prism Library, the M9 LHS 2924 (red line,
data from Burgasser & McElwain 2006). The inset box focuses on
the 1.62 µm “dip” feature in the spectrum of WISE J0720−0846.
Fit regions are indicated by the grey bars at top. Bottom:
Spectrum of WISE J0720−0846 compared to the best-fit binary
template, a combination of LHS 2924 (red line) and the T5
2MASS J04070885+1514565 (blue line; data from Burgasser et al.
2004) relatively normalized according to the MK/spectral type re-
lation of Looper et al. (2007). The combined-light spectrum (pur-
ple line) coincides well with that of WISE J0720−0846, including
replication of the dip feature and flux excesses at 1.3 µm, 1.6 µm
and 2.1 µm
velocity calibration.
Data were reduced in the IRAF environment11 follow-
ing Churchill (1995). Briefly, data were bias subtracted,
flat-fielded, box-car extracted, and wavelength calibrated
using Ti and Ar lines from arclamp exposures (Pakho-
mov & Zhao 2013). These data are discussed further in
Section 3.
2.4. High Resolution Near-Infrared Spectroscopy
High resolution near-infrared K-band spectra of
WISE J0720−0846 were obtained with the NIRSPEC
echelle spectrograph on the Keck II telescope (McLean
et al. 2000) on four nights, 2014 January 19 and 20,
March 10 and April 12 (UT; Table 2). For each night
we used the N7 order-sorting filter and 0.′′432-wide slit
to obtain 2.00–2.39 µm spectra over orders 32–38 with
λ/∆λ = 20,000 (∆v = 15 km s−1) and dispersion
of 0.315 A˚ pixel−1. Two dithered exposures of 360–
600 s each were obtained, along with observations of the
nearby A0 V stars HD 65102 (night 1, V = 6.83) and
HD 65158 (nights 2-4, V = 7.16). Flat field and dark
11 Image Reduction and Analysis Facility (Tody 1986).
frames were obtained at the start of each night for de-
tector calibration.
Data were reduced using a modified version of the
REDSPEC package, which took the rectified images pro-
duced by that routine and optimally extracted the source
spectrum with background subtraction. We focused ex-
clusively on order 33 (2.29–2.33 µm) which samples CO ν
= 2-0 transitions and telluric CO, H2O and CH4 features.
The optimally extracted spectra, which had signals-to-
noise exceeding 100 on each night, were forward modeled
as described in Section 3.
2.5. High Angular Resolution Near-Infrared Imaging
WISE J0720−0846 was observed with the sodium
Laser Guide Star Adaptive Optics system (LGSAO;
van Dam et al. 2006; Wizinowich et al. 2006) and fa-
cility Near-InfraRed Camera 2 (NIRC2) on the 10m
Keck II Telescope on 19 January 2014 (UT). Condi-
tions were clear, dry and windy with slightly poor see-
ing (∼1′′). The narrow field-of-view (FOV) camera
of NIRC2 was utilized, providing an image scale of
9.963±0.011mas pixel−1 (Pravdo et al. 2006) over a 10.′′2
× 10.′′2 area. We used the MKO12 H-band filter, and ob-
tained six 60 s integrations using a three-position dither
pattern with variable step size. While the LGS provided
the wavefront reference source for AO correction, tip-tilt
aberrations and slow variations were measured by mon-
itoring the R = 16.8 mag field star USNO 0812-0137390
located 20′′ northeast from WISE J0720−0846. As this
tip-tilt star is faint, and conditions were marginal, we
were only able to achieve a Strehl of 1.4% with these
data.
Data were reduced using custom routines to perform
flat-fielding, background subtraction, bad-pixel correc-
tion, and shifting-and-stacking. The reduced image is
shown in Figure 3. The poor strehl is evident in the
broad wings of the point spread function (PSF), which
has a azimuthally-averaged FWHM of 0.′′23, and there is
a slight elongation perpendicular to the direction of the
tip-tilt star. These data are analyzed further in Section 4.
2.6. Red Optical Photometric Monitoring
WISE J0720−0846 was monitored for 13 non-
consecutive days between 30 December 2013 and 16
February 2014 (UT) with the TRAnsiting Planets and
PlanetesImals Small Telescope (TRAPPIST; Jehin et al.
2011), a 0.6 m robotic telescope located at La Silla Ob-
servatory in Chile. The telescope is equipped with a
thermoelectrically-cooled 2K×2K CCD camera with a
0.′′65 pixel scale and a 22′×22′ field of view. Light is
passed through a broad-band I + z filter with >90%
transmission from 0.75—1.1 µm, the long-wavelength
cutoff set by the quantum efficiency of the CCD detec-
tor. Individual exposures of 40 s each were obtained for
continuous periods ranging from 4.8 to 8.5 hours, for a
total of 73.6 hr on source.
Data were reduced as described in Gillon et al. (2013).
After a standard pre-reduction (bias, dark, flatfield
correction), aperture photometry was performed using
IRAF/DAOPHOT2 (Stetson 1987). Differential pho-
tometry was then determined by comparison to a grid
12 Mauna Kea Observatories near-infrared filter set (Simons &
Tokunaga 2002; Tokunaga et al. 2002).
4TABLE 1
Hamilton Spectrograph Observations of WISE J0720−0846
UT Date MJD S/Na Vrad Vrad (Hα) Hα EW log10 LHα/Lbol
(days) (km s−1) (km s−1) (A˚) (dex)
2013 Dec 21 56648.02218 5 +82.6±0.5 +76±5 2±1 −5.2±0.6
2013 Dec 22 56648.93341 15 +82.5±0.5 +82±5 1±1 −5.9±1.3
2014 Jan 03 56660.96342 15 +82.1±0.4 +78±5 6±1 −4.63±0.09
2014 Jan 21 56678.92950 5 +82.1±0.5 +79±5 5±3 −5.0±1.0
2014 Feb 23 56711.82038 25 +83.0±0.4 +79±5 13±5 −4.3±0.4
2014 Feb 24 56712.80845 15 +82.9±0.4 +80±5 5±2 −4.8±0.4
2014 Feb 25 56713.75047 40 +82.2±0.3 +80±5 2±1 −5.2±0.6
aMedian signal to noise ratio in the 7000–8000 A˚ region.
H
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?
Fig. 3.— Left: H-band image of WISE J0720−0846 taken with NIRC2 LGSAO. Image is 2′′ on a side with North up and East to the left.
White contours indicate 0.1, 0.3, 0.5, 0.7, and 0.9 times the peak flux of the source; black contours indicate the flux level of the predicted
companion. Right: Same image but self-subtracted after 180◦ rotation. A candidate faint source (arrow) is seen west of the primary at a
separation of 0.′′14 (1.0 AU projected separation).
TABLE 2
Radial and Rotational Velocities from
NIRSPEC Observations
UT Date MJD RV v sin i
(km s−1) (km s−1)
2014 Jan 19 56676.51 +84.3±0.4 6.9±0.7
2014 Jan 20 56677.50 +83.2±0.4 8.9±0.7
2014 Mar 10 56726.22 +84.3±0.7 8.5±1.2
2014 Apr 12 56759.24 +83.6±0.3 1.3±0.7
of non-varying background stars, and the overall light
curve was normalized to its mean value. Relative light
curves for WISE J0720−0846 and a nearby comparison
star 2MASS J07200688−0846504 (J=12.71±0.02, J−Ks
= 0.39±0.03) are shown in Figure 4 and 5 as a func-
tion of Modified Heliocentric Julian Day13 (HJD). These
lightcurves are discussed in detail in Section 3.
In addition, nightly astrometry measurements for
WISE J0720−0846 were determined from the December
through February data, as well as a short sequence of 23
frames obtained on 16 September 2014 (UT). To regis-
13 Julian Day corrected for the Earth-Sun distance, minus
2450000.
ter the astrometric frames, we matched 150 bright, red
sources to the PPMXL catalogue (Roeser et al. 2010), us-
ing a third-order polynomial (with cross-terms) to map
pixels to position. Observations on either side of merid-
ian transit had root mean square deviations of order
15 mas; however, a larger shift of order 30-60 mas was
found between frames taken before and after meridian.
We therefore adopted the mean of pre- and post-meridian
measurements as nightly values, and used the cross-
meridian shift as an estimate of uncertainty. These val-
ues (equinox J2000) are listed in Table 3 and discussed
further in Section 3.
3. SYSTEM CHARACTERIZATION
3.1. Updated Astrometry
With 13 nights of precision TRAPPIST astrometry
we attempted to validate and improve the parallax and
proper motion measurements reported by Scholz (2014).
As our new measurements span less than a year, we
combined the survey data reported by Scholz with our
TRAPPIST measurements, rejecting only the SuperCos-
mos Sky Survey Hα and Short-R survey measurements
(Parker et al. 2005) for which the PSFs were reported to
be elliptical. A parallax solution was determined using a
Monte Carlo Markov Chain (MCMC) analysis with the
Metropolis-Hastings sampling algorithm. Starting from
the parameters determined by Scholz (parallax, proper
5TABLE 3
TRAPPIST Astrometry
UT Date MJD α σα δ σδ # Frames
(J2000) (mas) (J2000) (mas)
2014 Jan 4 56662.5 07h20m03.s2108 31 −08◦46′51.′′830 28 573
2014 Jan 5 56663.5 07h20m03.s2108 14 −08◦46′51.′′832 34 575
2014 Jan 6 56664.5 07h20m03.s2107 23 −08◦46′51.′′832 36 573
2014 Jan 9 56667.5 07h20m03.s2100 17 −08◦46′51.′′832 33 586
2014 Jan 10 56668.5 07h20m03.s2102 25 −08◦46′51.′′825 36 492
2014 Jan 17 56675.5 07h20m03.s2091 16 −08◦46′51.′′827 43 325
2014 Feb 6 56695.5 07h20m03.s2094 11 −08◦46′51.′′821 55 506
2014 Feb 7 56696.5 07h20m03.s2060 19 −08◦46′51.′′813 28 506
2014 Feb 9 56698.5 07h20m03.s2058 41 −08◦46′51.′′815 28 486
2014 Feb 13 56702.5 07h20m03.s2052 29 −08◦46′51.′′809 29 483
2014 Feb 14 56703.5 07h20m03.s2063 48 −08◦46′51.′′822 57 480
2014 Feb 16 56705.5 07h20m03.s2045 34 −08◦46′51.′′809 29 472
2014 Sep 17 56908.9 07h20m03.s2214 16 −08◦46′51.′′750 16 23
motion) and the average position of the target, we per-
formed a 105-step random walk, at each step varying
the astrometric parameters using normal distributions.
We compared the F-distribution probability distribution
function for χ2 residual values computed before and af-
ter each step to a uniform distribution as our acceptance
ratio. Ignoring the first 10% of the chain, we calculated
the mean and standard deviation of the parameters in
the remaining steps, weighting each solution by the F-
distribution. Our results, displayed in Figures 6 and 7
and listed in Table 4, are in agreement with Scholz (2014)
but with improved uncertainties, particularly in proper
motion. Our derived parallax distance, 6.0±1.0 pc, is
more in line with the spectrophotometric estimates re-
ported by Scholz, and the improvement is driven largely
by the more accurate TRAPPIST astrometry. We aim to
continue monitoring this source for further improvement.
3.2. Spectral Classification
The reduced RC Spec spectrum of WISE J0720−0846
is compared to an M9.5 spectral template in Figure 1,
produced by merging the M9 and L0 SDSS templates
from Bochanski et al. (2007). This hybrid template pro-
vides the best overall match to the optical spectral shape
of WISE J0720−0846. Spectral indices from Kirkpatrick
et al. (1999); Le´pine et al. (2003); and Le´pine et al. (2007)
are also consistent with this classification and indicate
solar metallicity (Table 5). We detect no 6708 A˚ Li I
absorption in these data or the co-added high resolu-
tion spectrum, to a 3σ equivalent width limit of EW <
0.15 A˚; we also find no indication of low surface gravity
in the strengths of alkali lines or TiO/VO bands (Mart´ın
et al. 1999; Cruz et al. 2009). Both observations imply a
mass &0.06 M⊙ and age &100 Myr for this source (Bild-
sten et al. 1997; Kirkpatrick et al. 2008). Hα emission is
detected, as described below.
For our near-infrared data, we compared the SpeX
spectrum to 727 equivalent spectra of optically-classified
M and L dwarfs drawn from the SpeX Prism Library
(SPL; Burgasser 2014). Following the fitting methodol-
ogy described in Burgasser et al. (2010), we found a best
match to the M9 dwarf LHS 2924 (Probst & Liebert 1983;
Figure 2) and a F-distribution weighted mean to all tem-
TABLE 4
Derived Properties of the
WISE J0720−0846AB System
Parameter Value
α (J2000)a 07h20m02.s19
δ (J2000)a −08◦46′59.′′53
Optical SpT M9.5
NIR SpT M9+T5
π (mas) 166±28
d (pc) 6.0±1.0
µα (mas yr−1) −40.3±0.2
µδ (mas yr
−1) −114.8±0.4
Vtan (km s−1) 3.5±0.6
RV (km s−1) +83.1±0.4
U (km s−1) −47.5±0.4
V (km s−1) −47.6±0.4
W (km s−1) 8.0±0.5
v sin i (km s−1) 8.0±0.5
〈log10 LHα/Lbol〉 −4.68±0.06
∆Jb 3.3±0.2
∆Hb 4.1±0.4
∆Kb 4.7±0.4
ρ (mas) 139±14
ρ (AU) 0.84±0.17
aAt epoch 2014 Jan 1 (UT).
bBased on SpeX analysis, mag-
nitudes are on the MKO system.
plates of M9.0±0.7. Subtle variances between the spec-
trum of WISE J0720−0846 and LHS 2924 are discussed
in detail below. These results confirm the near-infrared
classification derived by Kirkpatrick et al. (2014) and es-
tablish congruence between the optical and near-infrared
spectral morphologies.
3.3. Kinematics
The small proper motion of WISE J0720−0846,
121.7±0.3 mas yr−1, translates into a relatively low tan-
gential velocity, 3.5±0.6 km s−1. We determined the
radial velocity of this source from our high-resolution
optical and near-infrared data. For the optical data,
we cross-correlated each of the spectra across several
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Fig. 4.— TRAPPIST relative light-curves for WISE J0720−0846 for each of the 13 nights this source was observed between 30 December
2013 and 16 February 2014 (UT). Flux values have been normalized to a global mean. Above each panel the airmasses are indicated, as
well as the time of transit (z = 1.067). No correction for airmass-dependent brightness changes has been made in this plot.
7TABLE 5
Optical Classification Indices and
Spectral Types for
WISE J0720−0846
Index Value SpT
Reid et al. (1995)
TiO5 0.463± 0.007 · · ·
CaH1 0.927±0.020 · · ·
CaH2 0.454±0.006 · · ·
CaH3 0.736±0.010 · · ·
Kirkpatrick et al. (1999)
CrH-a 1.091±0.009 M9/L0
Rb-b/TiO-b 0.635±0.009 M9/L0
Cs-a/VO-b 0.768±0.008 M9/L0
Le´pine et al. (2003)
VO1 0.737±0.006 M9.7
VO2 0.364±0.003 M8.6
TiO6 1.858±0.017 · · ·
TiO7 0.521±0.004 M8.0
Color-M 9.93±0.07 M9.1
Le´pine et al. (2007)
ζ 1.034±0.018 dM
orders in the 6600–9000 A˚ range to the RV standard
Gl 251 (Vr = 22.91±0.10 km s−1; Nidever et al. 2002)
to determine a relative offset. The widths of the cross-
correlation peak in each order yield velocity uncertain-
ties of 0.5–1.0 km s−1 (∼1/5 of the resolution), which
average down to 0.3–0.5 km s−1 after combining all or-
ders. The NIRSPEC data were forward-modeled using a
custom MCMC implementation of the method described
in Blake et al. (2010). The Solar atlas of Livingston
& Wallace (1991) was used to model telluric absorption
and the BT-Settl atmosphere models (Allard et al. 2011)
were used to model the spectrum of WISE J0720−0846.
Spectral models with Teff = 2300–2500 K and log g =
5.5 (cgs) provided the best fits. Figure 8 shows that this
procedure provides an accurate fit to the data, with resid-
uals dominated by uncorrected fringing. Radial velocity
and rotational broadening were among the parameters
modeled, and the mean and standard deviation of their
marginalized distributions in the MCMC chain were used
as estimates of their measured values and uncertainties.
For the radial velocities, uncertainties range over 0.3–
0.7 km s−1. Tables 1 and 2 list all radial velocity mea-
surements over the 11 epochs observed.
Both datasets are consistent with a large ra-
dial motion for WISE J0720−0846, with averages
of +82.5±0.4 km s−1 from the Hamilton data and
+83.7±0.4 km s−1 from the NIRSPEC data,14 in clear
contrast to its small tangential motion. The total spa-
tial velocity vector in the Local Standard of Rest15 is
(U ,V ,W ) = (−47.5, −47.6, 8.0)±(0.4, 0.4, 0.5) km s−1,
which falls well outside the 1σ distribution of local late-
type M dwarfs, (σU ,σV ,σW ) = (32,20,17) km s
−1 (Reid
14 We attribute the marginal difference (2σ) between these mean
values to a systematic shift between the instruments; see Ford
(2005).
15 Assuming a right-handed Cartesian coordinate system cen-
tered on the Sun with U pointed radially away from the Galactic
center, V in the direction of Galactic rotation, and W toward the
Galactic north pole. We also adopt a Local Standard of Rest mo-
tion of (U ,V ,W )LSR =(11.1, 12.24, 7.25)±(0.7, 0.5, 0.4) km s
−1
(Scho¨nrich et al. 2010).
et al. 2002; Reiners & Basri 2009). Its Galactic orbit,
computed as described in Burgasser et al. (2009), is mod-
estly eccentric, spanning Galactic radii of 4–9 kpc (as-
suming a Solar radius of 8.5 kpc). Using the criteria
of Leggett (1992), we assign this source to the old disk
kinematic population, suggesting a “mature” age of 0.5–
5 Gyr (Eggen 1969).
3.4. Magnetic Activity
Hα emission is detected in both the RC Spec and
Hamilton Spectrograph data. In the low-resolution data,
we measure an equivalent width EW = −5.2±0.3 A˚.
Using a log10 χ ≡ log10 f6560/fbol = −5.4±0.1 from
Walkowicz et al. (2004), we determine log10 LHα/Lbol
= log10 (χEW ) = −4.68±0.06, which is typical for M9
dwarfs in the vicinity of the Sun (Schmidt et al. 2007;
West et al. 2011).
Figure 9 displays our Hamilton spectral data of
WISE J0720−0846 around the 6563 A˚ Hα line. Con-
tinuum emission is weakly detected at red wavelengths
in these data, but the Hα line in unambiguous, with
both broad and highly variable emission. Equivalent
widths (absolute values) range from .1 to 13±5 A˚, cor-
responding to log10 LHα/Lbol . −6 (inactive) to −4.3
(>2× “normal” activity). These lines are also well-
resolved, with FWHM of ∼40–60 km s−1, over 5 times
the NIRSPEC-derived rotational velocity (see below).
The Hα line centers are nevertheless aligned with ab-
sorption line Doppler shifts to within 5 km s−1, ruling
out jets or accretion projected along the line of sight.
In addition to emission line variability, the TRAPPIST
light curve shows several impulsive bursts on HJD 6662,
6664 and 6667, visible in Figure 4 and shown in detail in
Figure 10. These have relatively low power, with peak
fluxes 4–8% above the local continuum. Three exhibit
classic flare profiles, with impulsive rises (< 1 min) fol-
lowed by exponential declines (2–5 min). In contrast,
the burst on HJD 6664.5859, one of two in a 2 hr period,
shows a more complex temporal structure, with a broad
peak that persists for over 5 min followed by a 15 min de-
cline with possible secondary bursts after 10 min. This
may reflect an associated chain of flare events over an
extended region, or a massive flare rotating out of view.
These events indicate a 0.8% duty cycle of flare emission
at the level of 2% above quiescence, somewhat below the
typical duty cycles of late M dwarfs (3±1%; Hilton et al.
2010).
Hence, while WISE J0720−0846 exhibits numerous
signs of activity, including an unusually broad Hα line,
the strength of its persistent emission and frequency of
flaring are at or below the average of equivalently classi-
fied dwarfs. This is consistent with its old kinematic age
and slow rotation rate (see below), although it should be
noted that age-activity and rotation-activity trends are
not well established in the late M and L dwarf regime
(Gizis et al. 2000; Mohanty & Basri 2003; Reiners & Basri
2008; McLean et al. 2012).
3.5. Rotation
In addition to radial motion, our NIRSPEC analysis
provides multi-epoch measurements of rotational broad-
ening. We measure a consistent v sin i = 8.0±0.5 km s−1,
which is on the low end of, but consistent with, the rota-
tional velocities of equivalently classified dwarfs (Reiners
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Fig. 5.— Same as Figure 4, but for the nearby comparison star 2MASS J07200688−0846504, 0.06 mag fainter in the TRAPPIST
bandpass.
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Fig. 6.— (Left): Astrometric solution for WISE J0720−0846
(grey line) compared to positional data compiled by Scholz (2014)
and reported here. Positions are shown as offsets from a zero point
position of 07h20m03.s47 −08◦46′36.′′26 at MJD = 35429.0 (1955
Nov 17 UT) The arrow indicates the general direction of proper
motion. (Right): Close-up view of TRAPPIST astrometry.
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Fig. 7.— Residuals between position measurements and de-
rived astrometric solution in Right Ascension (top) and declina-
tion (bottom). Standard deviations in the residuals are 108 mas
and 117 mas, respectively (dotted lines), and reduced χ2 values are
indicated.
& Basri 2008; Blake et al. 2010; McLean et al. 2012).
Assuming a radius of 0.1 R⊙ (Burrows et al. 2001),
this velocity corresponds to a maximum rotation pe-
riod of 15±1 hr, consistent with period measurements
for equivalent-mass objects (Irwin et al. 2011). Despite
being on the low end of the v sin i distribution of late-
type M dwarfs, this source is still a rapid rotator, a likely
explanation for its magnetic activity.
3.6. Search for Photometric Variability
To confirm the slow rotation of WISE J0720−0846, we
searched for rotational modulation of surface features in
the TRAPPIST lightcurve. As shown in Figure 4, the
red optical brightness of this source exhibits consider-
able night-to-night variation, particularly prior to HJD
6695, the same period we detect flaring bursts. From
HJD 6695 onward, WISE J0720−0846 is far more sta-
ble. Hereafter, we refer to these periods as the “active”
and “quiescent” phases. For comparison, the relative
fluxes of the nearby comparison star (0.06 mag fainter
in the TRAPPIST bandpass) are steady throughout the
observing period (Figure 5).
The nightly variations appear to be episodic, and we
could find no clear period associated with them. We
therefore normalized each night’s light curve to search for
persistent low-level variability. There is additional struc-
ture in the normalized lightcurves that arises from differ-
ential color extinction at large airmass (Bailer-Jones &
Lamm 2003). WISE J0720−0846 has a distinct spectral
energy distribution in the 0.75-1 µm TRAPPIST band
compared to its neighboring sources, so color-dependent
extinction is not corrected in relative photometry. Fig-
ure 11 shows source flux as a function of airmass. A sta-
tistically significant trend is present, reaching a deviation
of 0.5% at an airmass of 2.0. In contrast, no significant
trend is found in the comparison source. This airmass ef-
fect was corrected in the lightcurve of WISE J0720−0846
by dividing by a second order polynomial fit to airmass;
we also rejected all measurements at airmasses greater
than 2.0 to minimize residual bias. This reduced our to-
tal number of samples to 5895. We found no significant
trends with airmass or seeing after the airmass correction
was applied.
The corrected and nightly-normalized light curve was
analyzed using the Phase Dispersion Minimization tech-
nique (Stellingwerf 1978; Davies 1990, PDM). Our im-
plementation of this method is described in Appendix A.
We examined periods between 4 hr and 16 hr, the lower
limit consistent with the most rapidly rotating brown
dwarfs and the upper limit chosen to be just above our
rotational velocity limit. Figures 12 and 13 display dis-
tributions of the PDM statistic Θ as a function of period
for WISE J0720−0846 and the comparison star, respec-
tively. The PDM of WISE J0720−0846 shows consider-
able structure, but none of the features exceed our sig-
nificance threshold of 90%. The phased light curve of the
strongest period at 14.00±0.05 hr displays a compelling,
double-peaked pattern with an amplitude of 1.3±0.5%
(2.6σ). This period is consistent with a rotation axis in-
clination angle of 71◦±8◦. However, the χ2 of the phased
photometric residuals relative to the smoothed lightcurve
is formally consistent with a lightcurve without phas-
ing. Several other statistics were investigated, including
Lomb-Scargle analysis (Lomb 1976; Scargle 1982), and
trial sinusoidal fits to the data were also insufficient for
identifying a robust period. We therefore set a 3σ up-
per limit of 1.5% on periodic variability in this source,
although larger episodic variations are clearly present.
Note that the comparison source also exhibits no signif-
icant period.
4. THE BINARY NATURE OF WISE J0720−0846
4.1. Identification as a Spectral Binary
As described above, the SpeX spectrum of
WISE J0720−0846 is best matched to that of the
M9 spectral standard LHS 2924. However, close in-
spection reveals specific discrepancies near 1.3 µm and
1.6 µm, and a subtle “dip” feature at 1.62 µm. Such
features have been previously noted in the combined-
light spectra of very low mass spectral binary systems
with late-type M or L dwarf primaries and T dwarf sec-
ondaries (e.g., Cruz et al. 2004; Burgasser 2007b; Gelino
& Burgasser 2010; Burgasser et al. 2010, 2011, 2012;
Kirkpatrick et al. 2012; Day-Jones et al. 2013; Deacon
et al. 2014; Bardalez Gagliuffi et al. 2014). To assess
whether WISE J0720−0846 is such a system, we used
the fitting method described in Burgasser et al. (2010),
comparing the spectrum of WISE J0720−0846 to 699
single star templates and 107,646 binary templates from
the SPL. The latter were constructed using spectra of
M7-L4 dwarfs for the primary and L9-T7 dwarfs for the
secondary, with component spectra scaled to absolute
magnitudes using the MK/spectral type relation of
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Fig. 8.— High-resolution (λ/∆λ = 20,000) K-band spectrum of WISE J0720−0846AB (black line) from 2014 March 10 (UT) compared
to a best-fit model combining dwarf spectrum (red line) and telluric absorption (green line) components. The difference between data and
model (O-C) is shown in black at the bottom of the plot and is dominated by fringing residuals; uncertainty spectrum is indicated in grey.
The forest of CO bandheads allow us to precisely pin down the radial and rotational velocity of the primary of this system.
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Fig. 9.— Lick Hamilton spectra of WISE J0720−0846 showing
the Hα emission feature. All spectra are normalized such that the
median continuum around the Hα line is unity; the spectra are
then offset vertically for clarity. Variability in the amplitude of the
Hα emission is clear. The dashed vertical lines encompass a region
with velocity width of ≈90 km s−1. Wavelengths in this figure are
heliocentric and plotted in air. Some residual sky lines have been
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Looper et al. (2007).
Figure 2 displays the best fitting binary tem-
plate, which consists of LHS 2924 paired to the T5
2MASS J04070885+1514565 (Burgasser et al. 2004).
This combination reproduces the excess flux at 1.3 µm,
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Fig. 10.— Individual broadband flares detected in the TRAP-
PIST light curve of WISE J0720−0846. Note the variation in ver-
tical scale in each panel. Three of the bursts show a classical burst
profile, with an impulsive rise and exponential decay. The burst at
HJD 6664.59, which occurs 2.2 hr before the burst at HJD 6664.68,
is more extended in time, and may represent sequential flares or
an extended, active spot.
1.6 µm and 2.1 µm, as well as the shape of the
1.62 µm dip feature, and is a statistically significant
better match to the data based on an F-test compar-
ison (>99% confidence). Marginalizing over all fits
weighted by the F-distribution, we infer component
types of M9±0.5 and T5±0.7, and ∆H = 4.1±0.4, im-
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Fig. 11.— TRAPPIST relative fluxes for WISE J0720−0846 as
a function of airmass, before (left) and after (right) correction of a
second-order airmass term (solid line in the left panel). Flares have
been removed from these data. The significant trend is likely due
to uncorrected color extinction at high airmass resulting from the
very different spectral energy distribution of WISE J0720−0846
compared to nearby comparison stars.
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Fig. 12.— (Top): Phased Dispersion Minimization statistic Θ
as a function of period for the flare-cleaned, airmass-corrected,
and daily-normalized TRAPPIST lightcurve of WISE J0720−0846.
A significance threshold of 90% based on Schwarzenberg-Czerny
(1997) is indicated. None of the features exceed this threshold.
(Bottom): Phased light curve for the strongest candidate period
at 14.00±0.05 hr. Individual measurements are indicated by small
circles, where different shades of red indicate different cycles (17
in total). The black histogram with error bars (scatter per phase
bin) delineates the mean phased light curve.
plying that the secondary contributes only 2% of the
combined light in this band. This system is simi-
lar in composition to the previously confirmed M8.5 +
T5 spectral binaries 2MASS J03202839−0446358 (here-
after 2MASS J0320−0446; Burgasser et al. 2008; Blake
et al. 2008) and SDSS J000649.16−085246.3 (hereafter
SDSS J0006−0852; Burgasser et al. 2012).
4.2. Possible Detection of a Resolved Companion
We searched for this potential companion using our
NIRC2 H-band images. Given the somewhat poor ob-
serving conditions, the wings of the PSF reach 2% rela-
tive brightness at a relatively large radius of 0.′′6 (4.2 AU;
Figure 3). Only one point source is seen at larger
radii, 4.′′85 to the southwest of WISE J0720−0846 with
∆H ≈ 6. However, a stationary optical and near-infrared
counterpart to this source is seen in both Digital Sky Sur-
vey and 2MASS images, the former going back to 1955,
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Fig. 13.— Same as Figure 12 but for the nearby comparison
star 2MASS J07200688−0846504. The minima in Θ reflect the
sampling window of the measurement (12 hr and harmonics) and
are not significant.
so it is likely an unrelated background star.
To probe tighter separations, we self-subtracted the
combined image after rotating by 180◦ and offsetting to
minimize the total squared deviation, effectively using
the source PSF as its own model. Figure 3 shows that a
faint source emerges upon this subtraction, 139±14 mas
from the PSF center at a position angle of 262◦±2◦, cor-
responding to a projected separation of 0.84±0.17 AU
at the 6.0±1.0 pc distance of this system. The peak
flux of this source relative to that of WISE J0720−0846
corresponds to a relative magnitude of 4.1±0.5 mag, con-
sistent with that predicted from the SpeX spectral anal-
ysis, albeit with considerable uncertainty. This source
is therefore a promising candidate for the brown dwarf
companion, although both its validity and physical asso-
ciation with WISE J0720−0846 must be confirmed.
4.3. Limits on the Companion Orbit from Radial
Velocity Monitoring
We can constrain the presence of an unresolved com-
panion from the radial velocity measurements obtained
over 3 months with Keck/NIRSPEC and over 2 months
with Lick/Hamilton Spectrograph. In both sets of data,
we find the measured radial velocities are constant within
the uncertainties. For the NIRSPEC data, we measure
a χ2 = 5.01 for 3 degrees of freedom, corresponding to
a 17% false alarm probability (marginal signficance); for
the Hamilton data, we measure a χ2 = 5.21 for 6 degrees
of freedom, corresponding to a 52% false alarm prob-
ability (no significance). The marginal significance in
the NIRSPEC data may be indicative of an additional
<0.5 km s−1 systematic error not included in our for-
ward modeling analysis (see Blake et al. 2008; Burgasser
et al. 2012).
Using the simulations described in Appendix B, we as-
certained the range of semi-major axes (a) ruled out as-
suming no detection of radial velocity variability. Given
the slight offset between the NIRSPEC and Hamilton
12
measurements, we treated the datasets separately. We
first converted the component spectral types to Teff s
using the empirical relations of Stephens et al. (2009),
and then converted these to masses using the evolution-
ary models of Burrows et al. (2001) for ages 0.5-10 Gyr
(Table 6). The NIRSPEC measurements rule out the
presence of a companion with a < 0.46–0.76 AU (0.26–
0.44 AU) at the 50% (80%) confidence level, the range
reflecting young to old ages (Figure 14, Table 6). The
Hamilton data, given its shorter time coverage, provides
a less stringent constraint. Note that even the closest
separations cannot be completely ruled out given the pos-
sibilities of a face-on orbit, an eccentric orbit observed at
apoapse, or poor synching of observations and orbital
inflection points.
These limits are consistent with the location of the pos-
sible resolved companion. We performed a second set of
simulations that used both the radial velocity measure-
ments and the observed separation to assess the distribu-
tions of probable semi-major axes, periods and primary
radial velocity variability amplitudes. These are con-
strained to be in the range 0.77–1.4 AU, 1.7–4.3 yr and
1.2–5.0 km s−1, respectively. Both period and primary
radial velocity amplitude are sensitive to the age and
component masses of the system. Given the reasonably
short time scale, maximum angular separation (0.′′13–
0.′′23), and significant radial velocity perturbations, this
system is an excellent target for individual component
mass measurements in the near term.
5. DISCUSSION
5.1. Physical Properties of the WISE J0720−0846
System
The inferred properties of WISE J0720−0846 are sum-
marized in Table 4. Based on the analysis described
above, we conclude that WISE J0720−0846A is a rel-
atively old, magnetically active, low-mass field star. Its
degree of activity (e.g., flaring rate) and its rotation fre-
quency are both somewhat below those of other late-
type M dwarfs, suggesting some long-term angular mo-
mentum loss may have occurred for this source. The
putative T dwarf companion WISE J0720−0846B must
be substellar, and its time-dependent cooling permits a
model-dependent constraint on the age of the system if
the component masses can be determined. We can al-
ready estimate that the mass ratio of this system q ≡
M2/M1 is highly age-dependent, with 0.47 ≤ q ≤ 0.87
for 1 ≤ τ ≤ 10 Gyr. If the possible source detected in
our NIRC2 images is the companion, an inertial orbit
measurement should be achieveable in 2–5 yr by com-
bining astrometric and radial velocity monitoring. Note
that a robust detection of photometric variability would
allow us to measure the rotational axis inclination of
WISE J0720−0846A and assess spin-orbit alignment in
this system, a critical test of binary formation that has
only been examined in one VLM binary to date (Harding
et al. 2013).
It is worth noting the striking similarities be-
tween WISE J0720−0846AB and two other late-M
plus T spectral binaries SDSS J0006−0852AB and
2MASS J0320−0446AB, both M8.5 + T5 systems. The
common classification of the secondary in all of these sys-
tems is likely a selection bias, as this subtype lies at the
peak of the so-called “J-band bump”, the 1 µm brighten-
ing from late-L to mid-T likely caused by the depletion
of photospheric clouds at the L dwarf/T dwarf transi-
tion (Ackerman & Marley 2001; Burgasser et al. 2002,
2013; Looper et al. 2008; Marley et al. 2010). T5 com-
panions are simply more readily detectable in blended
light spectra due to their brighter magnitudes. All three
systems also have separations .1 AU, below the ∼4–
7 AU peak of the separation distribution of resolved
VLM binaries (Allen 2007). This agreement supports
evidence that the spectral binary method is uncover-
ing a significant population of tight binaries (Bardalez
Gagliuffi et al. 2014). Finally, all three systems ap-
pear to be relatively mature. SDSS J0006−0852AB is
&7 Gyr based on the inactivity of its widely-separated
M7 tertiary; 2MASS J0320−0446AB is &2 Gyr based
on the mass and evolutionary state of its companion;
WISE J0720−0846AB may be ∼5 Gyr based on its old
disk kinematics. This congruence may reflect the known
preference for resolved VLM binaries to have nearly-
equal mass components (Bouy et al. 2003; Burgasser
et al. 2003; Close et al. 2003; however, see below). A
brown dwarf closer to the hydrogen burning minimum
mass (HBMM) must cool longer to reach a Teff ≈
1200 K consistent with a mid-T dwarf. From these few
examples, we speculate that late-M dwarf plus T dwarf
spectral binary systems specifically probe an old, tightly-
bound population of VLM binaries, which are particu-
larly useful systems for orbital mass measurements.
5.2. Late-M + T Dwarf Binaries in the Local Sample
WISE J0720−0846 joins the M8.5 SCR 1845−6357AB
system (Biller et al. 2006; Kasper et al. 2007) as one of
two late-M plus T dwarf binaries in the immediate vicin-
ity of the Sun. Remarkably, these are the only binary
systems among the 13 M7-M9.5 dwarf primaries known
within 10 pc (Table 7). This fact is particularly surpris-
ing given the numerous efforts to identify faint compan-
ions to cool stars close to the Sun (Close et al. 2003; Bouy
et al. 2003; Mart´ın et al. 2006; Dieterich et al. 2012),
and the apparent preference for high mass-ratio systems
among VLM binaries. As it stands, this volume-limited
sample has a brown dwarf companion fraction, ǫBD =
15+15
−5 %, that is marginally higher (but consistent with)
its stellar companion fraction limit ǫ∗ <12% (1σ binomial
uncertainties).
Is the nature of multiples in the local late-M dwarf
population simply due to small number statistics? To
examine this question, we performed a population sim-
ulation similar to those described in Burgasser (2004,
2007a), combined with a random draw experiment to de-
termine the likelihood of various binary configurations;
see Appendix C for details. From our simulations we
find that T dwarfs are remarkably common companions
to late M dwarfs, comprising ∼25% of secondaries (Fig-
ure 15). Their relative abundance derives from two fac-
tors. First, the typical masses of M7-M9.5 dwarfs in our
simulation, 0.089±0.003 M⊙, are close to the HBMM, so
stellar companions exist over a relatively narrow range
of masses. Brown dwarf companions to late-M primaries
consistently outnumber stellar companions in our simula-
tion; in contrast, only ∼9% of systems with mid-M (M4–
M7) primaries host T dwarf companions. Second, there
is the well-known “pile-up” of T dwarfs in field brown
dwarf populations due to their slow cooling rates (Bur-
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Fig. 14.— Results of orbit simulations for the WISE J0720−0846AB system based on the NIRSPEC radial velocity measurements and
possible detection in NIRC2 images, assuming a system age of 1 Gyr. (Left) Probability distribution of orbital semi-major axes based on
the lack of variability in our radial velocity measurements. The dotted lines indicate the 80% and 50% detection thresholds; the solid line
indicates the most likely semi-major axis based on the putative NIRC2 detection (0.8 AU). (Center and Right) Probability distributions
of semi-major axis (center) and primary radial velocity variability amplitude (right) based on the NIRC2 candidate detection alone (black
histogram) and with the radial velocity constraints (grey histogram).
TABLE 6
Constraints on the Companion Orbit from Radial Velocity and Imaging Measurements
NIRSPEC only NIRSPEC + NIRC2
System Primarya Secondarya Mass Detection Detection Semimajor Period Primary
Age Mass Mass Ratio Limit (80%) Limit (50%) Axis Range Range RV Range
(Gyr) (M⊙) (M⊙) (AU) (AU) (AU) (yr) (km s−1)
0.5 0.066 0.027 0.41 0.26 0.46 0.77–1.2 2.2–4.3 1.2–2.4
1.0 0.077 0.036 0.47 0.30 0.53 0.78–1.3 2.0–3.9 1.4–2.9
5.0 0.084 0.065 0.77 0.41 0.72 0.77–1.2 1.8–3.4 2.2–4.6
10.0 0.084 0.073 0.87 0.44 0.76 0.86–1.4 1.7–3.3 2.4–5.0
aBased on the evolutionary models of Burrows et al. (2001), system ages listed, and component Teff s of 2300 K and
1100 K for WISE J0720−0846A and B based on the Teff/spectral type relation of Stephens et al. (2009).
TABLE 7
M7–M9.5 Dwarf Primaries within 10 pc
Source SpT π MK V −K Ref.
(mas)
SCR 1845-6357AB M8.5+T6 259.5±1.1 10.58 8.89 1,10
DENIS J1048-3956 M8.5 249.8±1.8 10.44 8.88 1
LSR J1835+3259 M8.5 176.5±0.5 10.41 9.10 2
WISE J0720−0846AB M9.5+T5 166±28 10.5 · · · 3, 4
LP 944-20 M9 155.9±1.0 10.51 9.15 5
GJ 3877 M7 152±2 9.84 8.02 5, 7
SCR 1546-5534 M8: 149±40 10.0 · · · 6
SIPS 1259-4336 M8: ∼128 ∼10.1 · · · 9, 11
LEHPM 1-3396 M9 121±4 10.80 · · · 12, 13
LHS 2065 M9 118.0±0.8 10.30 9.00 5, 7
1RXS J1159-5247 M9 105.54±0.12 10.44 · · · 14, 15
LP 655-48 M7 106±3 9.66 8.31 1, 16
LP 647-13 M9 104±2 10.52 8.84 8
References. — (1) Henry et al. (2004); (2) Reid et al. (2003); (3)
Scholz (2014); (4) This paper; (5) Dieterich et al. (2014); (6) Boyd et al.
(2011); (7) Kirkpatrick et al. (1995); (8) Costa et al. (2005); (9) Deacon
et al. (2005a); (10) Deacon et al. (2005b); (11) T. Henry, priv. comm.; (12)
Phan-Bao et al. (2006); (13) Faherty et al. (2012); (14) Hambaryan et al.
(2004); (15) Sahlmann et al. (2014); (16) Shkolnik et al. (2012).
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gasser 2004; Allen et al. 2005). T dwarfs are the most
common companion to the oldest systems in our simula-
tion (>5 Gyr). This is consistent with the old ages in-
ferred for SDSS J0006−0852AB, 2MASS J0320−0446AB
and WISE J0720−0846AB.
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Fig. 15.— (Left): Frequency distribution of companion spectral
types for M7–M9.5 primaries based on the simulation described
in Appendix C and assuming an overall binary fraction ǫ = 20%.
Mid-type T dwarfs are far more common per subtype than late
M and L dwarfs, and comprise ∼25% of all companions. (Right):
Probability of finding two or more exclusively T2–T7 companions
in a sample of 13 late M dwarfs as a function of overall binary frac-
tion, based on these simulations. The distribution plateaus around
1.4% for 10% < ǫ < 25%. The decline at smaller ǫ reflects the lack
of companions; the decline of large ǫ results from contamination
from earlier-type companions.
Even with the prevalence of T dwarf companions to
late-M primaries, the incidence of finding 2 or more
T dwarf companions in the nearby sample–and only T
dwarf companions–remains low, plateauing around 1.4%
for a total binary fraction 10% < ǫ < 25%. The local
sample would seem to be an anomaly if the underlying
multiplicity distributions are accurately characterized. It
is possible that more (and less) massive companions to
other late M dwarfs in the nearby sample have yet to be
found, and may be uncovered astrometrically with the
current GAIA mission (Perryman et al. 2001; Zwitter &
Munari 2004). We also note that while this specific con-
figuration is rare, there are roughly 108 10-pc “bubbles”
in the 3–12 kpc Galactic disk, making our sample of M
dwarfs one of a million.
Finally, we note that the peak probability of exclu-
sively T dwarf companions to late M dwarfs occurs in
a range of ǫ consistent with previous determinations of
the VLM binary fraction (Siegler et al. 2005; Burgasser
et al. 2006; Basri & Reiners 2006; Allen 2007). This is
significant, as the decline in frequency at high fractions is
caused by increased contamination by earlier-type secon-
daries. The lack of such companions in the nearby sam-
ple may be a consequence of the low binary fraction of
VLM dwarfs compared to more massive stars. The com-
panionship of late-M dwarfs appears to be determined
by the confluence of four key statistics of VLM dwarfs:
the mass function across the substellar limit, the cooling
rate of brown dwarfs, the mass ratio distribution of VLM
dwarfs, and the underlying multiplicity fraction. The
importance of these statistics for brown dwarf formation
and interior theories motivates a complete assessment of
the multiplicity properties of late M dwarfs in a much
larger volume.
6. SUMMARY
We have conducted a detailed investigation of the re-
cently identified, nearby VLM dwarf WISE J0720−0846.
From optical and infrared imaging and spectroscopic in-
vestigations, we have determined the optical and near-
infrared classifications of this source, improved its as-
trometry, measured its spatial kinematics and rotational
velocity, identified persistent and flaring magnetic activ-
ity, and found evidence for a brown dwarf companion.
The reduced level of activity in this source compared to
other late-M dwarfs, and its old disk kinematics, both
suggest that this is a relatively mature system. The pu-
tative T dwarf companion, identified in combined-light
spectroscopy and possibly resolved at 1 AU projected
separation, will aid in constraining the age, as astromet-
ric and radial velocity monitoring over the next few years
should allow us to map the orbit of the system and ex-
tract individual component masses. Remarkably, this is
one of only two binaries among late M dwarfs in the
immediate vicinity of the Sun, and both have T dwarf
companions. We argue that, while rare, this may re-
flect a combination of the proximity of the primary to
the HBMM, the evolutionary properties of brown dwarfs,
and the underlying binary fraction, making multiplicity
studies of late M dwarfs a potentially useful window into
brown dwarf formation and evolution theories.
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APPENDIX
PHASE DISPERSION MINIMIZATION ANALYSIS
The Phase Dispersion Minimization (PDM) technique identifies periodic signals in time-series data by searching for
minimal dispersion about a mean phased signal (Stellingwerf 1978). The frequency sampling is set by the fundamental
frequency f1 ≡ 1/T = 0.021 cycles day−1, where T = 1160 hr is the full monitoring period (Scargle 1982; Press &
Teukolsky 1988). We examined 1081 periods in the period range 4 hr < P < 16 hr, sampled evenly in frequency
space in steps of f1/10. For each period, we phase-folded the lightcurve, computed a mean curve sampled at r = 100
linearly-spaced phase points, then computed the χ2 deviation of the phased data relative to the mean curve. The
statistic of merit is the ratio
Θ(P ) =
χ2(P )
χ2o
N − 1
N − r (A1)
where χ2o is measured from the unphased lightcurve, and N = 5895 is the total number of data points.
Following Schwarzenberg-Czerny (1997), we assessed the significance of minima in Θ(P ) using the regularized in-
complete beta function I:
Pr(Θ < z) =
[
IN−r
N−1
z(
N − r
2
,
r − 1
2
)/I1(
N − r
2
,
r − 1
2
)
]1/Nf
(A2)
Here, Pr(Θ < z) is the false-alarm probability when Θ is less than some value 0 < z < 1 by chance; 1-Pr gives the
significance of a period corresponding to a minimum in Θ. The 1/Nf exponent is the band penalty incurred when
searching for multiple periods, where we have used
Nf = 2
fhigh − flow
f1
= 432 (A3)
as the number of independent frequencies sampled (Press & Teukolsky 1988). Periods with 1-Pr > 90% were deemed
significant, but no features in the cleaned and normalized light curve satisfied this limit.
SIMULATIONS FOR ORBIT CONSTRAINTS
To quantify the companion detection limits from our radial velocity observations, and determine whether the candi-
date companion identified in NIRC2 imaging data is consistent with these limits, we performed a pair of Monte Carlo
orbit simulations. The first simulation aimed to determine the range of orbital semimajor axes that would have been
detected given the radial velocity measurement uncertainties and sampling. We generated a large number (106) of
hypothetical orbits, uniformly sampling semi-major axes 0 < a < 2.5 AU, eccentricities 0 < ǫ < 0.6 (Dupuy & Liu
2011), inclinations 0 < i < π, longitude of ascending node 0 < Ω < 2π, argument of periapse 0 < ω < 2π, and mean
anomaly angle 0 < MNIRC2 < 2π for the NIRC2 imaging epoch. We then solved for the maximum radial velocity
amplitude of the primary component (e.g., Ford 2005):
V1 =
2πa sin i
P
√
1− ǫ2
M2
M1 +M2
, (B1)
with component masses M1 and M2 estimated from the evolutionary models of Burrows et al. (2001), system ages
of 0.5, 1, 5 and 10 Gyr, and component Teff s of 2300 K and 1100 K for WISE J0720−0846A and B based on the
Teff/spectral type relation of Stephens et al. (2009) (Table 6). The observed radial motion of the primary at each
NIRSPEC or Hamilton epoch ti (these datasets were modeled separately) was then calculated as
v(ti) = V1(ǫ cosω + cos (T (ti)− ω)) (B2)
where
tan
T (ti)
2
=
√
1 + ǫ
1− ǫ tan
E(ti)
2
(B3)
relates the true anomaly T to the eccentric anomaly E, which is in turn related to the mean anomaly through Kepler’s
Equation:
M(ti)−M0 = 2π ti − τ0
P
= E − ǫ sinE (B4)
Here, P is the period of the orbit, determined from the estimated masses, input semimajor axis, and Kepler’s Period
Law; and ti− τ0 is the time since periastron passage. Setting M0 = 0 and tNIRC2 = 0 (the time of the NIRC2 image),
we can set τ0 = −PMNIRC2/2π and solve for the primary velocities numerically.
For each simulated orbit, we calculated χ2 for the radial velocity epochs relative to their mean, using the corre-
sponding observational uncertainties. We then determined the fraction of orbits that exceeded our measured χ2 as a
function of semi-major axis. Figure 14 displays the results of this calculation for the NIRSPEC data and a system age
of 1 Gyr. Due to inclination variations and sampling, detection probabilities never reach 100%; we therefore use 50%
and 80% probabilities of detection as our thresholds.
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To add in the constraint of a possible detection of the companion at a projected separation of ρ = 0.′′14, we used the
same orbital parameters to assess the range of semi-major axes consistent with this separation. Cartesian positions in
the plane of the sky for an orbit of unit semi-major axis are
x = A(cosE − ǫ) + F
√
1− ǫ2 sinE (B5)
y = B(cosE − ǫ) +G
√
1− ǫ2 sinE (B6)
(B7)
were A, B, F and G are the Thiele-Innes constants (Innes 1907; van den Bos 1927):
A = cosω cosΩ− sinω sinΩ cos i (B8)
B = cosω sinΩ + sinω cosΩ cos i (B9)
F = − sinω cosΩ− cosω sinΩ cos i (B10)
G = − sinω sinΩ + cosω cosΩ cos i (B11)
(B12)
The total projected separation ∆ =
√
x2 + y2 can then be compared to the observed projected separation (ρd) to
constrain the semimajor axis for a given orbit i:
ai =
ρd
∆i
(B13)
Figure 14 displays the distributions of semi-major axes and primary radial velocity variability amplitudes consistent
both with the possible detection and lack of detectable radial velocity variation.
SIMULATION FOR LOCAL BINARY STATISTICS
We performed another Monte Carlo simulation to assess the likelihood of finding two or more T dwarf companions
(exclusively) in the sample of 13 M7–M9.5 dwarfs within 10 pc of the Sun (Table 7). We started with a sample of N
= 105 primaries with uniform ages spanning 0.5–7 Gyr (corresponding to the typical ages of disk stars) and masses
0.013 M⊙ ≤ M ≤ 0.2 M⊙ distributed as a power-law mass function dN/dM ∝ M−0.5 (Reid et al. 1999; Kirkpatrick
et al. 2012; Burningham et al. 2013). For each system we assigned a secondary mass using the power-law mass ratio
distribution of Allen (2007), dN/dq ∝ q1.8, based on Bayesian analysis of VLM imaging samples; this distribution
favors equal-mass systems. The component masses and system ages were transformed to bolometric luminosities using
the evolutionary models of Burrows et al. (2001), and these converted into spectral types by combining the spectral
type/absolute J-band magnitude relation of Dupuy & Liu (2012) with the spectral type/J-band bolometric correction
relation of Liu et al. (2010). Systems with component spectral types outside the range M5-T9 were rejected.
We selected a subset of M7-M9.5 sources (4626 systems) and used these as the primaries for our random-draw
experiment. The distribution of companion types for this sample is shown in Figure 15. Flagging a randomly-assigned
subset Nb = ǫN of these systems as actual binaries, with ǫ ∈ [0.05,0.5], we repeatedly (105 times) drew 13 systems
from this collection and determined the fraction that contained at least two companions with spectral types T2–T7
(detectable by the spectral binary method; Burgasser 2007b) and no other companion types. Figure 15 displays the
frequency of this outcome as a function of overall binary fraction.
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